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Introduction
The symmetry of 4-to 11-hedra was discussed in our papers (Voytekhovsky, 1999 (Voytekhovsky, , 2000 (Voytekhovsky, , 2001a with some disagreements between the previous data being eliminated. But only simple (three facets meet at each vertex) 9-, 10-and 11-hedra were studied there. Here, we contribute the symmetry point groups for all not simple nonisomorphic 9-and 10-hedra for the ®rst time. For the sake of completeness, the symmetry statistics for the simple 9-and 10-hedra are also included in the tables.
Generation and characterization of polyhedra
We generate the polyhedra as their Schlegel projections. This approach is obviously justi®ed by the Steinitz theorem (every 3-connected planar graph can be realized as a 3-polyhedron) and the Mani theorem (every combinatorial automorphism of a 3-polyhedron is af®nely realizable). That is, there exists to each Schlegel diagram a 3-space realization of a polyhedron such that its edge graph is isomorphic to the Schlegel diagram while its symmetry point group is isomorphic to the automorphism group of the Schlegel diagram.
The polyhedra were generated by the Fedorov (1893) recurrence algorithm brie¯y described by Engel (1994) and Voytekhovsky (2001b) . As the simple 9-and 10-hedra were previously found, we used them to generate not simple polyhedra by the reduction operation 3 which is known to reduce any edge v 1 ±v 2 (joining two adjacent vertices v 1 and v 2 ) if all facets containing v 1 but not v 2 have no common vertex with any facet containing v 2 but not v 1 (Fedorov, 1893, p. 281) . Applying 3 step by step in all possible ways, we reduced the number of vertices from 14 to 7 at 9-hedra and from 16 to 7 at 10-hedra. The generated polyhedra were compared in the Schlegel projections. Afterwards, the combinatorially non-isomorphic polyhedra were characterized by their facet symbols and symmetry point groups. A facet symbol [n 3 n 4 F F F n max ] shows the sequence of numbers of triangular, quadrilateral etc. facets at a polyhedron.
Results and discussion
The automorphism group order and symmetry point group statistics of 9-and 10-hedra are in given Figs. 1 and 2. The most symmetrical The automorphism group order (a.g.o.) and symmetry point group (s.p.g.) statistics of 9-hedra.
Figure 2
The automorphism group order (a.g.o.) and symmetry point group (s.p.g.) statistics of 10-hedra. polyhedra with the automorphism group orders being not less than 3 are given in the Schlegel projections in Figs The automorphism group order statistics agree with the data given in Duijvestijn & Federico (1981) . The symmetry point group statistics are contributed here for the ®rst time. As for 4-to 8-hedra and simple 9-to 11-hedra (Voytekhovsky, 2001a) , the shapes of 1, m, 2 and mm2 symmetry also prevail among not simple 9-and 10-hedra. This tendency appears to be a general property of the abstract polyhedra variety. The number of polyhedra rapidly drops with growing symmetry so that trivial (of 1 symmetry point group) shapes form the overwhelming majority. The depressing fact is that it cannot be classi®ed in the framework of the symmetry theory. We need some new approaches to do this.
Conclusions
Up to now, the whole variety of 4-to 10-hedra and simple 11-hedra is generated, drawn in the Schlegel projections and characterized by the facet symbols, automorphism group orders and symmetry point groups. Their overwhelming majority is found to belong to the trivial symmetry point group. The next steps are to generate and characterize in the same way all not simple 11-hedra, simple 12-and 13hedra, and to ®nd some methods to classify the trivial shapes of the same Euler's genera (i.e. class of polyhedra with the same numbers of facets, edges and vertices). They will be discussed in our next papers.
